Abstract: China's healthcare reform aims to provide affordable and equitable basic healthcare for all by 2020. Access to medicines is an essential part of the healthcare. The efforts of promoting access to medicines have been moving from meeting the needs of the basic healthcare, towards increasingly dedicated resources to offer breakthrough therapies. Looking at access to novel medicines from a health system perspective, and placing the changes China has made into that system context, this paper makes a comprehensive review of the progress of access to novel medicines in China. The review drew on two sources of information, which included desk review of published and grey literature, and key informant interview. Five hurdles were identified which create barriers of access to novel medicines, ranging from regulation and financing of medicines, intellectually property rights protection, and development of innovation capacity, to other health system components. Multiple policies have been implementing in China to remove the multiple access barriers gradually. Universal access to medicines has been moving from towards the basic common conditions to the world breakthrough technologies. We see cause for optimism, but recognize that there is a long way to go. Achieving broader and better access to modern medicines for Chinese patients will require multiple and coordinated government efforts, which would need to target the whole lifecycle regulation of novel medicines with a health system perspective, from balancing IP protection, strengthening R&D and public health, to appropriate regulatory approach and financing mechanism, and to supply chain management, as well as smart use.
Introduction
The human right of access to health and medicines is one of the fundamental human being rights well founded in international law. 1 China's 2009 healthcare reform responded to this international concept, aiming to provide affordable and equitable basic healthcare for all by 2020. Access to medicines is an essential part of access to basic healthcare. Equitable access to medicines that match the needs of basic healthcare has been gradually achieved during the past ten years. Driven by the rising healthcare awareness and needs fueled by the country's economic growth and burgeoning middle-class, demands for new therapies are rendering a blowout in China. To meet such growing demands, there must be a faster access to market of the new therapies that goes hand in hand with access for a broader population. However, as of 2015, over half of the world's most important novel medicines launched after 2008 as measured by global sales were not yet approved in China. Most were breakthrough treatments, representing a new standard of care with a significant impact on life saving and patient outcomes. 2 In addition, the high cost of new life-saving therapies creates a significant barrier to patients in low-and middle-income countries with the latest advances in care treatment. 3 As there is still quite a large number of poor population living in middle-income countries 4 -this raises a lot of challenges because originator pharmaceutical companies set the price of a medicines like commercial product by what the market will bear, and they view the middle-income countries as a market that can bear the cost. 5 While China has been very successful in raising millions out of poverty, the size of its population means that huge numbers are still in the low-income group -this makes equitable access a big challenge. The situation has been so acute in China that travel agencies have popped up to offer medical tourism services to the rich looking for medications overseas.
There are also an increasing number of patients seeking non-registered cheap medicines from overseas market. 6 Voices of patients reached to the top policy makers. Furthermore, there are growing challenges with funding new medicines at ever-increasing prices along with funding increased medicines volumes with the growth of demand. This has resulted in the reforms to better manage the entry of new medicines, development of new financial models to finance new medicines as well as strategies to improve supplying and prescribing efficiency. Looking at access to new therapies from a health system perspective, and placing the changes China has made in the past 10 years into that system context, this paper makes a comprehensive review of access to novel medicines in China.
Methods
This study used content analysis methodology to review the existing literature and the information obtained from the key informant interview. We searched English and Chinese database of PubMed, Embase, Google Scholar, China National Knowledge Infrastructure, Wangfang, and VIP. Search terms included "access/accessibility", "novel/ new/innovative/breakthrough", "medicines/drug/pharmaceutical/therapy/medication", "China/Chinese", and combinations of these terms in both English and Chinese. The PubMed search strategy and the keywords in Chinese were presented in Annexure 1. The publishing dates were 2000-2019. Duplicated articles, clinical trials, clinical or laboratory medicines evaluations were excluded. A review of references in key papers, news sources, government statistical handbooks were also performed. A substantial body of evidence available in grey literature was identified as well, including landmark or highly regarded reports, work suggested by peers and government documents. The study also drew on insights into the key informants from relevant government agencies, about their understanding of the access problems and government efforts to address these problems. R&D-based multinational and local pharmaceutical companies, as well as independent market research institutions were also interviewed, focusing on their experiences of facing the access barriers and in-depth thinking of the reform initiatives. Detailed information about the key informant interview was described in Annexure 2.
Key Findings And Discussions Lifecycle Regulation Of Pharmaceuticals
As presented in Figure 1 , patient access to new pharmaceutical products has to go through the following process in China. Pharmaceutical companies or research institutes initiate the preliminary inception of a new product. Extensive pre-clinical and clinical research activities followed through, during which research and development (R&D) capacity and regulatory system play a critical role to determine successful discovery of new molecules, development of new products, and timely launch. Intellectual property (IP) policy environment impacts market monopoly and generic competition.
Like in many other countries, listing of products by the government as essential medicines is usually a prelude to being covered by public funds in China, which is always synchronized with government price negotiations. Listings by the provincial pooled procurement management agency and individual hospital formulary are also the essential steps for patient access. After being successfully procured by hospitals, medicines are distributed by either wholesalers or manufacturers to hospitals. Doctors and pharmacists can then prescribe and dispense. Patient utilization, tolerance and adherence are monitored by both health professionals and pharmaceutical companies thereafter. Both health insurance programs and health administrative authorities play important roles in having the new products financially and physically available to appropriate patients.
Hurdles Of Access To Novel Medicines Regulatory Hurdle
Before 2015, new medicines already launched in the Western world typically experienced five to seven years of delays before being launched in China. The average review time for approval of clinical trials (Investigational New Drug, IND) was 8-18 months in China, followed by another 4-15 months in average for review and evaluation of a new drug application (NDA). IND application in the United States (US) and the European Union (EU) only takes 1-2 months. The total length of approval time for IND and NDA in China vs US vs EU was 12-33, 7-17 and 11-17 months, respectively. [7] [8] [9] One reason for such a significant delay is the limited human resource of the Chinese national regulatory authority (NRA), which is severe shortage of drug evaluators. Only about 100 reviewers received an overwhelming number of clinical trials and marketing applications for both novel medicines and redundant generics. 10 The number of annual new applications was between 6500 and 7000 during 2009-2012, only part of the applications could be processed, and the number of backlogged applications reached its peak at 22,000 in mid-2015. 11, 12 In addition, before 2017, new medicines to be registered in China must undergo clinical trials locally, even though the medicines were already marketed in other countries. This is unique and not required in most other countries. Domestic trials could be exempted if previous trials included large groups of Asian patients, which has been difficult to achieve historically. Such complex process and conservative attitude of NRA toward clinical trials of novel medicines substantially exacerbated the approval delays. The regulatory barriers have discouraged the marketing of innovative programs in China by eroding larger revenues from patent protection.
IP Hurdle
Evidence proves that high prices of branded originator medicines and no legal production of generics increase the catastrophic costs -as well as morbidity-mortality of medication in lower income countries. 13 Generic competition is associated with lower medicines prices.
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However, some life-saving medicines have been highly priced before patent expiration even in the settings where there is a capacity of producing cheaper generics. The problem has arisen in many developing countries where the population not only have lower economic status, but also lower health status and higher needs for medicines. The case of generic imatinib in China demonstrated several potential barriers of IP protection to effective generic competition for specialty prescription medicines, including fewer market entrants, smaller-than-expected price reductions, shifts in prescribing toward more expensive brandname treatments, and limited uptake of the generic products. 16 Even though several Chinese companies already had the capacity to develop generics, importation of the high-priced originator had to continue, due significantly to patent protection granted to foreign manufacturers. 17 The IP barrier also blocked access to affordable antiretrovirals in several developing countries. In South Africa, where giant pharmaceutical companies filed lawsuits to the High Court against the South African government because of importation of cheaper generics during the HIV/AIDS epidemic. Millions of people were suffering from HIV/AIDS and could not afford the original branded medicines.
18

R&D Hurdle
Although China had seen significant growth in pharmaceutical production over the preceding decade, a substantial proportion of the nearly 5000 local pharmaceutical manufacturers was generic producers. Limited R&D input and tolerance to uneven quality of local generics exacerbated the prevalence of low-end generic producers, and aggravated the low investment and fragmentation of small-scale local pharmaceutical companies. 19, 20 Accord ing to the National Bureau of Statistics, the input of R&D by Chinese high-tech pharmaceutical industry never exceeded 1.7% of its major sales before 2017 (National Bureau of Statistics of China 2019), which was far below that of the international R&D-based pharmaceutical industry, 17.1% in US, 13.3% in Japan, and 13.3% in EU. 21 Government investment has for a long time been injected into public research institutions and universities, but few of their basic research results were converted to commercial products. 22 The transformation rate of science and technology in pharmaceutical R&D in China (10-30%) was far below that of the developed countries (40-70%). [23] [24] [25] Another important gap is the talent bottleneck.
The talent pool of R&D management rather than basic research has been an important limiting factor in China's growth as a pharma innovator. 26 Other Health System Hurdles Even if the local R&D capacity is developed, the needed medicines are available on the market, patients may still not be able to physically and financially access the medicines. Patient needs risk pooling mechanisms to avoid catastrophic medicines expenditure. And new medicines need to be added to the hospital formulary, and go through the complex procurement procedures.
Financial Risk Pooling Mechanism
Once on the market, new medicines are often too expensive for most patients to initiate treatment, or to comply with desired treatments to achieve health outcomes in China. Taking cancer treatment as an example, China relies heavily on importation. Many of the imported novel medicines are priced for the markets of high-income countries, and are not publicly funded in China, presenting a huge burden to families. A study in Zhejiang province found that, before being funded by the local health insurance program, patients had to pay out-of-pocket 3.0-13.1 and 6.2-27.3 times of the provincial average disposable annual income per capita in urban and rural areas, respectively, for novel anti-cancer medicines in 2015. 27 Affordability blocked the access to dozens of life-saving novel medicines in China, which was veritably reflected by "Dying to survive," a dark comedy about Chinese leukemia patients buying cheaper anti-cancer medicines from the Indian market. The film triggered intense public debates about access to affordable healthcare and novel medicines across the country. 28 However, the public enthusiasm for these medicines' therapeutic value is tempered by practical concerns on how health systems can afford them, as even in high-income countries the affordability is a growing concern. 29 
Financing Of Public Hospitals
As public hospitals are not allowed to mark-up on medicines in China now, the increasing costs of pharmacy management and inventory control discouraged hospitals to procure expensive novel medicines. Apart from this, hospitals also have concerns of over running the insurance expenditure cap, and have been fettered by the administrative rules regarding medicines expenditure control. 30 The worst scenario was that some hospitals turned down patients to avoid exceeding the expenditure cap. 31 These medicines may be available in some retail pharmacies, however, few insurance programs reimburse medicines dispensed in retail pharmacies.
Supply Chain Management
In the rural areas, the weak health service delivery system and health human resources, as well as the limited capacity of last-kilometer supply and distribution may also block patients' physical access to novel medicines. As these medicines are mostly specialty prescription medicines, many of them are targeted therapies, which need genetic testing and careful monitoring to guide the personalized medication. All these need well-trained specialists and laboratory assistants to deliver. However, these resources are always not available in the resource-limited contexts, especially in remote poor rural areas. Such situation is common in the developing countries where there are generally weak health systems, especially in rural areas.
Efforts To Overcome Multiple Hurdles
Over the past years, the access environment of China has been moving from a system driven primarily by out-ofpocket payment to one offering a myriad of access opportunities. This is due to the changing philosophy of the government, and its responding to WHO's call for listing highly effective breakthrough novel medicines as essential medicines and making them affordable for the patients. 32 The experiences of developing countries like Thailand and Brazil who already explored such approaches were studied and regarded as examples to follow. 33, 34 The environment has been shifting from limited to increased access, but only for therapies that demonstrate appropriate clinical value. Positive developments have taken place intensively in the entire lifecycle regulation of pharmaceuticals. 35 
Streamlining New Medicines Evaluation And Creating An Efficient Process
The entry point of the regulatory reforms started from the mandated self-examination and inspection of clinical trial data in 2015, which successfully cracked down on data fraud and ensured data authenticity and integrity. Backlog pressure was also relieved. Subsequent comprehensive reforms have been targeting improving efficiency and creating a responsive review and regulatory process. Major critical reforms have been under the direct leadership of the State Council, who has been clearly committed to resolve the backlog, and to accelerate the time-to-market of novel medicines. Milestones and landmark policies to streamline the regulatory process are presented in Figure 2 .
With the implementation of intensive regulatory reforms, the backlog of applications was nearly cleared by the end of 2018. 36 International pharmaceutical companies have responded to the trend and accelerated the pace of "global synchronization". 36, 37 Considering that the reforms may have undesired effects, for example, fast-track approvals based on limited evidence may lead to products on the market that lack effectiveness for the general population, these approvals are conditional. Companies are required to provide post-marketing clinical data to corroborate safety and efficacy of the fast-track approved novel medicines. In 2017, China became the eighth regulatory member of the International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH), pledged to gradually transform its pharmaceutical regulatory authorities, industry and research institutions to implement the international coalition's technical standards and guidelines. Full understanding and swift implementation of ICH are considered as the best way to set the foundation for medicines innovation and patient access to high-quality medicines in China.
Balancing The IP Protection And Public Health Security
China formulated its National IP Strategy and clearly committed to build a high level of protection of innovation and application by 2020. To address the IP barrier, the national Patent Law and regulations were revised to incorporate some flexibilities in the legal provisions for public health needs. There has been a clear government commitment to balance the IP protection and generic competition, which was written in the recent national policy for promotion of generic uptakes and local R&D capacities strengthening. 38 Malaysia in 2017. 41 The guiding role of intellectual property in economic and public policies needs to be strengthened. More efforts need to be adopted to improve coordination between intellectual property policy and the policies of industry, science and technology and trade. Coordination and uniformity between intellectual property policy and policies of science and health need to be strengthened to safeguard the right of the public to legally and rationally utilize innovation findings and information in their scientific and public health activities, promote the fair sharing of innovation and information, prevent abuses of intellectual property, maintain fair market competition, safeguard the public lawful rights properly and interests and ensure that the government is able to deal with public crises.
National Strategy Of Fostering Innovation-based Pharmaceutical Industry
Same as another world power of generics producer, China adopted a similar national strategy like India to foster pharmaceutical innovation. This happened in China five years after its entering into WTO, with the National Middle-to-Long Term Science & Technology Development Plan (2006-2020), which identified pharmaceutical R&D as one of the national major bio-technology projects, and aimed to build a national pharmaceutical R&D system, foster a bio-pharmaceutical strategic emerging industry, and shift the pharmaceutical industry from generics focus towards innovation based. While India did this in 2002 as soon as its Patent Law was amended compelled by the government's commitment under the TRIPS Agreement. Creating an environment for R&D to produce innovator drugs was regarded as one of the key objectives of both Chinese and Indian National Pharmaceutical Policies. 42 The market size of the biopharmaceutical industry has been maintaining a rapid growth accompanied with accelerating technological achievements since the National Plan was implemented in China. In 2012, China laid out a national strategy to adjust and upgrade its industrial structure, and strived to be a world technological power by 2049. A series of supportive policies to encourage R&D and commercialization of pharmaceuticals with minimal market barriers have been formulated, such as the marketing authorization holder (MAH) pilot which allowed R&D institutions and scientific research personnel to submit applications for INDs or NDAs; a science-based regulatory system in line with the international technical standards; IP system that rewards innovation through patent protection; talent building; scientific research base and robust capital market, etc. In addition, preferential fiscal and taxation policies were formulated to promote the development of R&D-based pharmaceutical industry. The value-added tax (VAT) on medicines is 17%, which is higher than the level of 10% in most EU countries with UK and Sweden even implementing a zero VAT rate on prescription medicines. In 2018, all imported anti-cancer medicines were exempted from tariffs and all local business of anti-cancer medicines were levied with a lower VAT at 3%. 43, 44 This policy was expanded to orphan drugs since February 2019. 45 Investment in pharmaceutical R&D increased significantly in China, especially in the area of translational medicine, a partnership between basic and clinical research to develop new pharmaceuticals and other medical products. At present, the main body of pharmaceutical R&D has been transforming from public research institutes and universities to the joint efforts with pharmaceutical companies, either state owned or private biomedical technology companies. The central government has invested CNY 15.5 billion (about US$ 2.3 billion) in new medicines major development projects during 2008-2018. Up until end of 2018, 35 novel medicines have been locally developed and marketed. 46 The number of locally developed new molecular entities has grown rapidly, with clinical trials on these increased from 21 in 2011 to 171 in 2017, and further increased to 198 in 2018. 11, 36, 47 An accelerating shift in China's R&D landscape is already leading to increased R&D capabilities of the local pharmaceutical industry. China has therefore been emerging as a major innovation hot spot. However, comparing with the US federal spending on medical and health R&D in 2017 (US$34 billion, about 0.2% of gross domestic product, GDP), public spending on pharmaceutical R&D in China only accounted for 0.02% of its GDP. 48, 49 In addition, the gap between Chinese and multinational pharmaceutical companies is also huge, there is only on average 1.02% of the sales invested in R&D by Chinese companies, few is higher than 5%, while that for the multinationals is generally over 15%.
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Strengthening And Integrating Health Systems
Reimbursement Of Novel Medicines For Critical Diseases
Medicines price setting reform in 2015 was the first initiative to address the affordability issue. Medicines pricing has been gradually shifting from government setting to market-orientation, accompanied with provider payment reforms. During 2016-2018, three rounds of medicines price negotiations at central level had the prices of 56 expensive novel medicines almost halved, and included in the medicines reimbursement list of the basic health insurance programs. [51] [52] [53] Local health insurance programs also piloted medicines price negotiations and had additional novel medicines publicly funded. 54 The newly established National Healthcare Security Administration (NHSA) committed to make the price negotiation and public fund coverage of novel medicines routinely from 2019 onwards. 55 This reflects the government's efforts to provide coverage for therapies that offer proved value for the healthcare system and improve overall health of the population, even though these medicines are usually expensive. However, as the insurance coverage of these novel medicines was designed with a high deductible payment for individuals before insurance reimbursement, the desired and potential undesired effects are to be assessed with sound quasi-experimental and mixed method studies, especially for the low-income population in rural areas. In this regard, Thailand's universal coverage of the E2 expensive essential medicines is worthwhile for China to learn from, in order to secure that every needed patient can benefit from the novel medicines coverage inclusion policy. 33 Although China achieved universal coverage of the basic health insurance program, the scope of medicines coverage is far less than adequate, and special needs are usually not covered. The Chinese government is also concerned with its ability to sustain the social welfare system due to its rapidly aging population. There has been an effort to boost investment in the private healthcare insurance which has been rapidly growing: the average growth rate of the commercial healthcare insurance market is approximately 25% since 2000, changing from a very small proportion of the total health expenditure (0.4% in 1997) to a level (8% in 2017) 56 which was close to the level of the high to upper middle-income countries, like the Republic of Korea (9.5%), Australia (7.8%), New Zealand (7.2%) and Indonesia (6.1%). 57, 58 The continued growth of commercial insurance will broaden overall coverage and may supplement public coverage for expensive therapies.
Appropriate Financial Incentives To Promote Smart Use
To ensure the supply and rational use of the newly publicly funded novel medicines, a series of policies were formulated. Health insurance programs set separate budgets for expensive novel medicines, and the "one-size-fits-all" evaluation indicator of "medicines expenditures should be less than 30% of total expenditure" was abolished, in order to alleviate hospitals' worries of over-running the insurance expenditure cap. 59 Instead, insurance programs require hospitals to carefully monitor the use of expensive novel medicines, and value-based cost-effectiveness evaluation is being implemented to promote competition between hospitals to rationally use resources. Considering that expanded medicines coverage will certainly require more resources, and the overall per capita healthcare resources are still limited in China, efforts have been made to discourage the use of medicines with unclear clinical efficacy and encourage the uptake of generics with secured quality and clinical efficacy. This will make rooms for novel medicines that offer proven clinical value. In 2018, the newly established NHSA piloted a pooled medicines procurement in 11 major cities of China. Prices of 25 medicines which have both originator and generics (quality and clinical efficacy verified) on the market were reduced by 52% on average. 60 
Conclusion
Multiple policies have been implementing in China to remove the multiple access barriers gradually. Universal access to medicines has been moving from towards the basic common conditions to the world breakthrough technologies. We see cause for optimism, but recognize that there is a long way to go. Achieving broader and better access to modern medicines for Chinese patients will require multiple and coordinated government efforts, which would need to target the whole lifecycle regulation of novel medicines with a health system perspective, from balancing IP protection, strengthening R&D and public health, to appropriate regulatory approach and financing mechanism, and to supply chain management, as well as smart use.
MAH, marketing authorization holder; VAT, value-added tax; GDP, gross domestic product.
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